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Abstract 
The road capacity is badly influenced by parking in the ways around schools. This paper has analyzed the data, studied the 
time distribution of parking and fitted it by Poisson distribution and tested the degree of fitting well, and then established a 
model of velocity-capacity according to flocking theory. The goodness of fit of the model has been tested and the 
effectiveness has been proved by relative data. 
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1. Introduction 
In recent years, with the increase of private cars, more and more parents are choosing driving private cars to 
transport children to and from school, especially for primary school students. However, the traffic jam caused by 
ccupying motor vehicle lanes and the effect of road 
capacity, has become a growing concern for travelers and managers. Parking on road occupancies has limited 
road resources, which has influenced the function of arterial road around the school. However, the parking on 
road around school is different from other kinds of parking, since it has the obvious time characteristic. As we 
known the time of go and after class time is relatively fixed, so the parking time for parents to shuttle students 
concentrates only on this period, which has influenced the capacity of this road section. Hence the study of the 
capacity and influencing factors of parking around schools can not only predict the road service level of 
temporary parking in advance, but also provide theoretical basis for making a scientific and reasonable traffic 
counseling scheme in future. This paper will study the influence of road capacity around the school quantitatively 
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based on the swarming theory, build relationship model of vehicle flow speed and the capacity and verified the 
feasibility of the model. 
2. Swarm theory 
Swarming phenomenon widely exists in nature, such as wild geese queuing migration in reasonable 
ptimal path to foraging, 
etc. The swarm behavior has the characteristics of individual self-control, decentralized control, local information 
control (Cheng, D. Z., & Chen, H. Z., 2004). In order to use swarm theory research in the engineering field, many 
computer simulation techniques and numerical methods have been developed, for example, (1) the neuron 
network (2) genetic algorithms (3) artificial life (4) swarm platform (Chen, S. M., 2006). 
The vehicle accumulation and dissipation phenomenon caused by parking on road around schools is very 
similar with the swarm theory. So this paper will establish the relationship between speed and capacity according 
to the swarm theory, which lays the foundation of the speed-capacity model. This paper describes the 
phenomenon as a motion that in a multi-agent system, all the agents will be able to achieve equal velocity, stable 
mutual distance, the minimum of group internal total potential energy and the shape of group tends to be stable. 
In other words, the study of swarm movement is to treat it as a potential field based on movement, and its 
ultimate goals is mainly two: to maintain a steady distance between the individuals, so that the total potential 
energy of the group is minimum in this premise; to keep the speed consistent with all the individuals  (Wang, D. 
M., 2009). 
3. Content 
3.1. Data collection 
The data was collected at  before Inner Mongolia agricultural university affiliated 
elementary school in Hohhot (the capital of Inner Mongolia Autonomous, China). Collected time was from11:00 
to 13:00 in Nov, 3th. Temporary parking on road has heavily influence on the normal vehicle flow, which causes 
the road capacity drop significantly and traffic jams happens, since the parents shuttle students by private 
vehicles. This investigation use "video-artificial collection" method, taking the number of constraints and the data 
that can be reused into account. Video processing software can display continuous recording via frame by frame, 
so that it can be observed and recorded easily (determine the same car by the chronological order, model and 
color of vehicle). This method can achieve good accuracy. 
3.2. Analyze the characteristic of temporary parking around school 
It can be concluded some characteristics of temporary road parking around school after the analysis of 
collected video data. Firstly the time of parking on road is always short for that the parents often stay to wait, so 
there will be no vehicles into a parking space at the road but directly stops on the road. By this way, stopping 
time is short, but the vehicle interferes the normal traffic flow heavily. Secondly, the parking is limited, which 
can not meet the needs of vehicle parking demand. What's more many vehicles not only take up the vehicle 
parking lane, but also take up the normal lane adjacent parking lane, resulting in serious declining of the effective 
road use. Thus the temporary parking around school seriously affects the traffic capacity. Thirdly, the influence 
of road capacity has obvious time characteristic, and last a short time since the temporary parking around school 
is caused by parents. The specific influence is showed in Fig. 1. 
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 Fig. 1. Influence of temporary parking on road 
4. Model 
4.1. Characteristics of temporary parking frequency distribution  
The frequency distribution of temporary parking is to show that what statistical rule satisfies the vehicle 
arrival number at a certain time interval well.  
                       Table1. The diagram of parking time before school gate 
 
 
 
 
Calculate the expectation and variance of the actual parking frequency data distribution according to the 
equation. 
 
Thus, it can get the expectations and variance of arrival rate distribution, and expectations = 9.946, variance 
=9.889. The ratio of expectation and variance is close to 1, so the following will use the Poisson distribution to fit.  
 
Poisson distribution equation is as follows: (Yu, Z. G., 2012): 
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k
 (3) 
Where ( )p k  is the probability of k vehicles arriving in a statistical interval. is the average arrival rate in each 
unit time interval (veh/s). t is the duration of each count interval (s). 
The parameter t  of Poisson distribution is equal to the expectation, thus the mean of measured distribution 
can be looked as t  and the parameter t  of theoretical distribution is 9.946. 
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Where N-time number; k-parking time; kf -the number of parking appear; g -the number of kf  occurrence. 
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The values of measured vehicle parking time and the probability calculated by the Poisson distribution with 
equation 3 are showed in Table 2. 
                   Table 2. The time distribution fitting of parking time on road  
Parking time 
 
K 
Frequency of 
occurrence 
f 
Measured 
distribution 
p(k) 
Poisson 
distribution 
p(k) 
Cumulative 
distribution 
F(k) 
3 1 2.7% 0.79% 0.29  
6 3 8.1% 6.44% 2.38  
8 2 5.4% 11.38% 4.21  
9 5 13.5% 12.58% 4.65  
10 9 24.3% 12.51% 4.63  
12 4 10.8% 9.37% 3.47  
13 5 13.5% 7.17% 2.65  
15 3 8.1% 3.38% 1.25  
16 1 2.7% 2.10% 0.78  
7 1 2.7% 9.15% 3.39  
5 3 8.1% 3.89% 1.44  
4.2. The 2  test of Poisson distribution 
Procedure of test is as follows: 
(1) Establish hypothesis: random variables (overall) are to obey the given Poisson probability distribution. 
(2) Calculate statistics according to this equation:  
 
 2 2
2
1 1
g g
i i i
i ii i
f F f N
F F
  (4)  
 
(3) Determine the critical value of statistics as the basis of choice in traffic engineering. The value is usually 
taken as 0.05 according to the judgment of effect size (Zhang, Q.S., & Zang, Y. P., 2000). 
(4) Determine the parameters of statistic. When the test is used to solve some random variable X is subject to 
some form of the probability distribution of this kind of problems, which only gives what distribution, but does 
not give the distribution of the parameter's value, then  
 
 1qgDF  (5) 
 
In the equation, q is the number estimated by the measured distribution. In this case, there is only one 
parameter, so .1t  5117DF . 
 
(5) Determine statistical test results. If 22 , the 0H hypothesis is accepted, otherwise the hypothesis is 
refused. For this case, according to the equation (4), 503.12 ; from the 2 distribution table 205.0 =11.7. 
22
05.0 the hypothesis of Poisson distribution can be accepted. After analysis, the arrival rate of vehicles in 
line with the Poisson distribution. 
The vehicle parking time distribution function is as equation (6): 
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4.3. Speed-capacity model 
Road parking impacts trunk traffic flow seriously. Vehicles temporary parking is a major interference factor 
of traffic flow. The change of the vehicle speed in front produces a series of reaction in the entire lane, and causes 
the following vehicle speed and vehicle spacing changes. Through the analysis of the speed of interference road 
vehicles, this paper establishes the capacity-speed model. Then uses the model to study the impact of speed to the 
capacity of the disturbed lane vehicle. According to the reference (Xu, J.Q., & Chen, X.W., 2008). The basic 
capacity of the one-way traffic roads is expressed as equation (7): 
 
 
t
B h
C 3600   (7) 
 
Where BC  is the basic capacity of Sections; th is the headway. According to the basic definition of the capacity 
of the one-way traffic roads, to get the basic capacity the minimum headway should be known first. So we use 
the relationship between headway and spacing to get the spacing (Wang, D.H., 2007). 
 
 Spacing=headway*speed  
Based on *tL h v  we can get equation (8): 
 3600
B
vC
L
 (8) 
 
In the actual traffic flow speed impact the spacing, so 
 
 3600
( )B
vC
L v
 (9) 
 
In order to calculate the capacity of the one-way traffic roads, the focus is to find the function L(v). To this 
end, we will use the flocking theory to solve the relationship between headway and speed. One road can be seen 
as a potential field. The vehicle in motion has potential energy in the driveway. The force generated between the 
adjacent two vehicle lines. Within a certain range, when the front spacing is greater than a critical value, the 
vehicle in front shows attractive power to the target vehicle and when the spacing is less than a critical value, it 
shows repulsive force to the target vehicle, and the repulsive force will be sharply increased when the spacing 
becomes smaller. The speed-capacity model under the influence of road parking can be established. 
Speed and spacing distribution relationship is showed in Fig. 2. 
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Fig. 2. The headway and speed scatter plot
For the Fig. 2, because of the influence of road parking, vehicles need to reduce speed and evade, resulting
vehicle flow speed fluctuations. The headway decreases, and the traffic flow shows assembling phenomenon.
Parking vehicles complete the lane changing and get into the parking space. The vehicle accelerated dissipation,
and the spacing becomes larger gradually resume normal driving conditions.
The fitting of the spacing and speed scatter plot, as Fig. 3.
    Fig. 3. The fitting curve of the spacing and speed
The fitting equation is equation (10):
20.2632 3.0944 3.5342L (10)
4.4. Goodness of fit test
This paper uses the method of reference (Zhang, S. Q., Lv, J.N., Jiang, Z., & Zhang, L., 2009) to inspect the
goodness of fit test. The equation is as (11):
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Through the calculation Rc= 0.903795772. The randomness of the parking frequency and parking time in 
front of school is big, so the goodness of fit is not particularly high, calculated goodness of fit within the 
acceptable range, and therefore fitting equation is feasible. 
According to the equation (9) and (10), the equation (12) can be gotten: 
 
 
2
3600
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  (12) 
 
The speed-capacity model based on road parking in front of school is the equation (13): 
 
 3600
3.53420.2632 3.0944
C
v
v
 
 (13) 
 
C is the capacity based on road parking in front of school, and v is the speed based on road parking in front 
of school.  
4.5. The verification of the model feasibility 
In order to verify the feasibility of speed-capacity model, this paper uses the method of comparing the model 
calculated values and actual measurement values, and then select 20 groups data that not involved in modeling to 
validation. The result is as the Table 3. 
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                   Table 3. Speed-Capacity model validation table 
NO. Measured C1 Calculated C2 C1 / C2 
1 1336.0404  1269.6383 1.0523  
2 1798.9442  1771.1373 1.0157  
3 1301.3698  1532.6461 0.8491  
4 1260.2495  1205.4036 1.0455  
5 1440.2634  1348.435 1.0681  
6 1362.0522  1699.591 0.8014  
7 1194.2660  1168.5577 1.0220  
8 894.1804  1168.5577 0.7652  
9 906.8125  844.9613 1.0732  
10 999.8823  1205.4036 0.8295  
11 926.0128  943.2747 0.9817  
12 824.8590  998.1353 0.8264  
13 1162.8429  745.1733 1.5605  
14 1031.4179  1348.435 0.7649  
15 1247.6050  904.2582 1.3797  
16 1387.2785  1448.5523 0.9577  
17 1259.5725  1378.9933 0.9134  
18 951.3400  1269.6383 0.7493  
19 1275.3291  1186.463 1.0749  
20 1222.8129  1018.9258 1.2001  
 
Validated the actual measured value and the calculated value of the difference is small. The model can well 
reflect the actual situation of the relationship between speed and capacity under the road parking influence. 
Individual large numerical errors are mainly due to the randomness of road parking and the differences of driver 
behavior. 
5. Conclusion 
In this paper, through the research of road capacity impacted by the vehicle temporary parking on the motor 
lane in front of schools, it is drawn that the main factors affecting road capacity is stoping frequency and parking 
time. So the parking time distribution characteristics are fitted, and proved the parking time in line with the 
Poisson distribution. For the large impact of road parking to the spacing, speed and other traffic characteristics, 
and the close relation to the road capacity, the speed-capacity model under road parking is established. The 
goodness of fit test is great and the model can well reflect the actual situation of the relationship between speed 
and capacity under the road parking influence. The establishment of the model provides the basis for road 
parking, parking location, parking design, stopping time limit and other management measures. Since this paper 
only considers the relationship between speed and road capacity macroscopically. There are certain limitations 
that the vehicle speed change is not discussed. Late work will further refine the model to determine the scope and 
extent of the road parking impact. 
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